Abstract-Due to its low power design applications, the Vertical Axis Wind Turbine is more commonly employed for the standalone applications. The power generating capability in wind turbines is influenced by the mechanical dimensions of the blade including the shape of the blade and the angle of attack. The appropriate design of the blade shape and position tends to improvise the efficiency even at low wind speed. Initially the shape of the airfoil is designed and analyses and the position for a five blade structure is investigated. The degree of impact at angle of 30 0 is found to have the highest lift coefficient for the chosen airfoil structure. The use of MAGLEV concept in the VAWT reduces the vibration by 37.5%. Experimental results are presented with and without MAGLEV imported to the VAWT design. Also it is measured that the power generated with maglev system is increase by 12% compare to the normal wind turbine.
INTRODUCTION
Adopting a particular technology for horizontal wind turbine is challenging with wind strength in Malaysia annually about 2-3m/s with highest being 7m/s at Mersing [1] is quiet challenging. The limitation is on the use of horizontal wind turbine is less significant as it requires wind speed of about 8-15m/s [1] . On contrary vertical axis type wind turbine generates electricity even at low wind speed [2] [3] , mostly where the required output power is smaller. The turbine efficiency is improved with the appropriate choice on the design of the blades as the cut-in speed is proportional to the amount of wind power generated. The technological advancement in machine design and fabrications, the decrease of price material such as magnets, this type of maglev-assisted turbine offer great advantage in the market [4] . With lesser vibrations and inertia the maintenance is easier comparatively [5] . An approach to such Maglev assisted vertical turbine for the mechanical vibrations is investigated in this work. With the improvement on the rotor blade of the VAWT, the increase in the wind harvest is initiated, thereby increasing the efficiency of the VAWT. Evaluations of the design for the mechanical oscillations can be derived using tools of data acquisition and analysis [6] [7] . A setup system such as one is developed for the measurement and analysis for this work. This paper reports the experimental result on the vibration analysis for the initial designed mechanical structure.
II. METHODOLOGY

A. Design Concepts
Both the Vertical Axis Wind Turbine (VAWT) and Horizontal Axis Wind Turbine (HAWT) are similar to each in terms of the wind technology either using lift or drag principles. The structure of VAWT is that the rotor rotates the shaft where the shaft is connected to a generator. This means that there is no heavy nacelle or yaw system required. These greatly reduce the price of the VAWT compare to HAWT [7] . The operating efficiency depends on the amount of wind that it can harvest. The maximum amount of kinetic energy that can be extracted is only 59.3%, based on the Betz limitation under ideal condition [1] . This ideal wind turbine is frictionless and does not have any rotational component of velocity in the wake. The amount of power that can be generated by the wind turbine is given as in Equation (1) [4] . The operating wind speed which the wind turbine is a critical factor in determining the size of the wind turbine that is to be designed. Once the wind speed set, the Tip Speed Ratio (TSR) is computed. The TSR ( ) of the blade is given as in Equation (2) 
where ω is the rotational speed of rotor, is the radius tip of motor. The choice on the selection of the λ depends on both the wind speed and the generator. The rotational speed must be high enough to rotate the electrical generator. The choice of the advanced generators would imbibe better wind energy harvesting. The amount of wind it can harvest is based on few factors such as: number of blades, solidity, wind speed, length and height of the blades, tower design, the blade shape, surface treatment, tip speed ratio, blade material and the general aerodynamics.
B. Design Analysis of Air-profile characteristics for VAWT
The design on the shape of the air-profile, the number of blades and the position of the blades are important to operate enhance efficiency of the turbine. Figure 1 shows the general aerodynamic that is acting on the rotor blades. The separation of the vertical components at various positions is critical in the power output from the turbine. The design on the turbine blades and the positions with respect to the wind flow is also critical in enhancing the output power. Also this depends on the mechanical characteristics of the turbine, the size of the turbine, the number of blades. 
C. NACA Airfoil Profile
National Advisory Committee for Aeronautics (NACA) developed aircraft wings, known as NACA airfoils are the various structures generally used for the design of blades. The shape of the NACA airfoils is described using a series of digits following the word "NACA". The numerical codes from the above parameter are entered into equations to develop the cross-section of the airfoil and calculate its properties. structure based on the shape and the size of the blade structure [7] . There are three different types of blade shapes namely NACA0012, NACA4212 and NACA8612 are used for the analysis for the design of VAWT [8] .
The lift produced by the airfoil is given as in Equation (3) [4] 
where is the radius of the turbine [m] and is the height of the turbine [m] . It is seen that the height and the radius of the rotor affects the lift force of the blade. Solidity of the rotor which is the ratio of turbine blades to turbine swept area also affects the performance of the VAWT [9] [10] . High solidity will increase its performance but too high of solidity will decrease the power coefficient [11] [12] and is given as in Equation (5) . It is shown that the size and number of the blade is an important factor in solidity. For the same solidity, different number of blade and chord size will affect the performance of the VAWT [9] .
D. Finite Element Analysis in the VAWT Desighn
Finite Element Analysis (FEA) can be used in obtaining the lift and drag coefficient for the NACA airfoil and the magnetic characteristic for the Maglev-VAWT. The FEA tool used in this investigation is Computational. To calculate the flow across any object, the Reynold's Number has to be determined to decide whether the flow is laminar or turbulent. This is to decide which model will be used for simulation. The equation for calculating Reynold's numberis given as
where ρ is density of the wind, is wind speed, μ is of air, and L is length of chord. The general equation for the flow of fluid is known as Navier-Stokes equation which consists of the conservation of mass (continuity) and conservation of momentum equation. The flow across the airfoil is incompressible flow. The incompressible Navier-Stokes equation can be written as in Equation (7-8).
where U is the fluid at a point in a domain, p is the pressure of the fluid, ρ is the fluid density, and v is the kinematic viscosity. Each of the model with their own Navier-Stokes equation characteristics wherein different parameters are taken for consideration. 
B. Design Analysis of NACA characteristics for VAWT
A five blade structure is used for the analysis to determine the best position of the blade structure. Table 1 shows the simulation of angle of attack at various angle of attack ( ).
In this case of analysis the degree of the blade structure as a whole is varied until the maximum output is developed with respect to the static wind profile. In order to have the airfoil to have a high lift coefficient the pressure below the airfoil has to be larger than on the top of the airfoil [7] . Figure 4 shows the simulation results obtain from the analysis of the five blade positioning. From the comparison, it is shown that at the angle of attack of 30°, the lift coefficient is the highest. C. Vibration Analysis Figure 5 shows the designed blade and the integrated blades to the turbine structures. The concept of the magnet positioning in the proposed structure is as shown in Figure 6 and the FEA analysis is showing in Figure 7 . The fabricated structure is as shown in Figure 8 . Using data acquisition tool a vibration analysis framework is developed using LABVIEW. Figure 9 shows the amplitude of the vibration without maglev is slightly higher than that of with magnetic levitation in place. This shows that positioning of the magnets in the proposed way is able to reduce the losses due to vibration. The table shows the vibration loss for the wind turbine with and without maglev. It is shown that the vibration loss is able to be reduced by 37.5% when levitation principle is applied.
Cross Table 3 shows the improvement in the output voltage from the turbine with and without the Magnetic levitation. The wind turbine without magnet is analyzed first. The speed of the rotor is measured with a stroboscope tachometer where a total of 1008 rpm is measured. The voltage output is at 2.5 VAC max. With the maglev system implement, the speed is recorded at 1078rpm and the voltage output obtain is at 2.9 VAC max. It is measured that the power generated with maglev system is increase by 12% compare to the normal wind turbine. 
IV. CONCLUSIONS
The ability of the rotor to harvest more wind is analysed on the three blade design and for the blade position.
Computational fluid dynamics based finite element approach is used for the analysis on the blade design and the positioning of the blade on the rotor. The lift and drag characteristic of the airfoil is investigated using the FEA tool. Among the blade analyzed the NACA 8612 exhibit better lift coefficient which is 1.79. The positioning of the five blade structure on the rotor is done at various angles and is found that optimal angle is at 30° with respect to the wind approach.
